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Initiating  events  in  prostate  cancer:  The  role  of  somatic  activation  of  P-catenin. 

Introduction. 

Histopathological  studies  of  prostate  cancers  have  led  to  the  identification  of  prostate 
intra  epithelial  neoplasia  (PIN),  a  specific  type  of  lesion  that  represents  the  primary 
precursor  of  human  prostate  cancer  (2).  PIN  is  recognized  as  a  continuum  between  low- 
grade  and  high-grade  forms,  with  high-grade  PIN  most  likely  representing  the  immediate 
precursor  of  early  invasive  carcinoma.  Characteristic  architectural  and  cytological 
features  are  shared  between  PIN  lesions  and  early  invasive  carcinomas  including 
multifocal  nature  of  the  lesions,  and  common  chromosomal  abnormalities  (reviewed  in 
(3)).  We  have  reported  characteristic  appearance  of  PINs  upon  stabilization  of  P-catenin 
in  the  prostate  (4).  This  observation  is  in  line  with  the  deregulation  of  PI3kinase  activity 
in  prostate  cancer  (5),  and  recent  observations  that  link  PI3kinase  activity  with  the 
accumulation  of  P-catenin  and  stimulation  of  the  androgen  receptor  signaling  (6,  7).  In 
our  earlier  study,  stabilization  of  P-catenin  was  achieved  through  Cre/loxP  mediated 
excision  of  the  third  exon  of  P-catenin.  This  model  was  based  on  the  MMTV-LTR  driven 
expression  of  Cre  in  a  wide  range  of  secretory  epithelia,  and  skin.  Preneoplastic  lesions 
were  observed  only  in  the  prostate,  suggesting  a  specific  role  for  P-catenin  in  the 
initiation  of  prostate  cancer.  The  research  underway  aims  to  clarity  the  role  of  p-catenin 
in  prostate  cancer,  its  relevance  to  human  prostate  cancer,  and  the  cross  talk  of  this 
signaling  pathway  with  other  events  associated  with  human  prostate  cancer. 
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Figure  1 .  Prostatic  lesions  observed  in  PSA-Cre  x 
Catnbwlox<ex3)  mice,  a)  xlO  magnification.  B)  x20 
magnification,  showing  neoangiogenesis  (top  arrow), 
proinflammatory  cell  infiltrates  (thick  arrow),  and 
tumor  mass  (thin  arrow).  C)  x60  magnification 
showing  proinflammaory  cells  in  tumor  stroma,  1: 
mast  cells,  2:  neutrophils,  3:  monocytes;  thin  arrow  on 
top  points  to  tumor  mass,  and  below  to  a  nearby  blood 
vesse.  Note  within  tumor  areas,  nuclear 
polymorphism,  hyperchromia,  and  prominent  nucleoli. 
In  comparison,  the  neighboring  healthy  secretory  cells 
form  a  regular  monolayer,  with  underlying  elongated 
basal  cells.  D)  xlOO  magnification  showing  the 
morphology  of  prostate  infiltrating  proinflammatory 
cells,  1:  mast  cells,  2:  neutrophils. 


Body. 

Task  1&2. 

To  establish  the  role  of  p-catenin  in 
the  initiation  of  prostatic 
intraepithelial  neoplasia  (PIN)  like 
lesions,  &  determine  targets  of 
oncogenic  action  of  P-catenin. 

We  have  achieved  prostate  specific 
expression  of  Cre  under  the  minimal 
probasin  (PB)  promoter  (8),  or  the 
prostate  specific  antigen  (PSA) 
promoter.  The  PSA-Cre  mice  were 
described  before  (9,  10).  Both 

promoters  are  androgen  dependent, 
while  the  PSA  promoter  is  also 
transactivated  by  p-catenin. 

These  mice  were  crossed  with 
Catnb+/lox(ex3)  mice,  and  male  progeny  of 
3  months  of  age  were  analyzed  for 
prostate  lesions.  Double  transgenic 
male  progenies  develop  PIN,  as 
revealed  by  histologic  analysis.  The 
PB-Cre  mice  generate  less  aggressive 
and  more  limited  disease,  in 
comparison  with 
the  PSA-Cre  mice, 
which  appear  to 
have  more 
extensive  lesions, 
with  profound 
inflammatory 
infiltrates  (Fig.  1). 
The  PB-Cre  or 
PSA-Cre  mice  do 
not  generate 
lesions  in  other 
tissues,  and 
subsequently  the 
mice  are  otherwise 
in  good  health. 
Loss  of  the 
adenomatous 
polyposis  coli 
(APC)  gene  is 
considered  to  be 


tumor 


blood  protease  activity  angiogenesis 


vessels 

Figure  2.  Imaging  of  cathepsin  activity  (yellow)  and  angiogenesis  (red)  in 
prostatic  lesions  caused  by  the  stabilization  of  P-catenin.  Left  image  is  the 
superimposed  version  of  the  two  images  on  the  right.  Mice  were  injected  24 
before  analysis  with  2  nmoles  of  an  activatable  Cathepsin-B  sensing  probe, 
emiting  at  694  nm,  and  just  before  imaging  with  a  nonspecific  fluorochrome 
emiting  at  750  nm.  The  NIRF  probe  contained  Cy5.5  monofunctional  dye 
reporters  adjacent  to  .  .  K-K  .  .  .  cleavage  sites,  on  a  macromolecular  assembly. 
The  assembly  consisted  of  a  synthetic  graft  copolymer  containing  partially 
pegylated  (5  kilodaltons)  poly-L-lysine  (35  kilodaltons).  The  injection  dose  and 
time  of  imaging  after  injection  had  previously  been  optimized  in  APC*468  mice 
bearing  adenomas(l). 
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the  genetic  cause  of  human  colon  cancer.  In  contrast  to  frequent  APC  defects,  mutations 
affecting  the  P-catenin  gene  are  rare  in  colon  cancer.  These  facts  suggest  that  although 
the  stabilization  of  P-catenin  efficiently  promotes  pre-neoplasia,  by  itself  it  may  not  be 
sufficient  to  cause  malignancy.  In  a  collaborative  study  with  Dr.  Fotini  Gounari  we  have 
begun  to  gain  insight  into  this  issue,  by  comparing  the  impact  of  mutations  that  lead  to 
the  loss  of  APC  with  those  that  directly  stabilize  P-catenin.  By  introducing  the 
corresponding  Cre  dependent  conditional  mutations  in  lymphocytes,  we  have  shown  that 
loss  of  APC  leads  to  blockage  of  mitosis  and  that  escape  from  this  block  requires  aberrant 
chromosome  segregation.  As  a  result  dividing  cells  that  are  deficient  for  APC  are 
inherently  genetically  unstable.  In  contrast,  direct  stabilization  of  P-catenin  leads  to 
aberrant  proliferation  and  differentiation  of  immature  lymphocytes.  These  observations 
indicate  that  genetic  instability  associated  with  the  loss  of  APC  may  be  a  critical  factor  in 
promoting  the  malignant  transition  of  the  lesions,  and  that  the  stabilization  of  P-catenin  in 
the  presence  of  intact  APC  function  may  therefore  not  be  sufficient  for  tumor  progression 
(manuscript  submitted). 

We  are  currently  comparing  prostate  specific  loss  of  APC  with  stabilization  of  P-catenin 
to  gain  further  insights  into  the  role  of  genomic  instability  in  tumor  progression  in  the 
prostate.  So  far,  we  have  confirmed  occurrence  of  PINs  in  mice  that  have  lost  APC 
function  in  a  prostate  specific  manner.  Further  work  is  underway  to  compare  proliferation 
and  genetic  stability  of  prostate  epithelial  cells  in  the  two  types  of  mice,  and  to  relate 
these  to  the  ability  of  the  lesions  to  progress  to  malignancy. 

The  lesions  caused  by  PSA-Cre  appear  to  be  massively  infiltrated  with  inflammatory 
cells.  We  had  earlier  reported  the  use  of  protease  activatable  fluorescent  probes  for 
imaging  of  adenomatous  polyps  (1).  The  presence  of  proinflammatory  leukocytes  in  the 
prostatic  lesions  encouraged  us  to  apply  similar  imaging  techniques  to  the  prostate.  To 
this  aim  3-7  months  old  PSA-Cre  x  Catnb+/l0x(ex3)  mice  were  injected  with  Cathepsin-B 
sensitive  probe  with  emission  maximum  of  694,  24  hours  in  advance.  The  next  day  the 
mice  were  anesthetized,  injected  with  a  fluorescent  polymer  that  emits  at  750  nm  and 
reveals  blood  vessels,  and  prostates  were  imaged  by  intra  vital  fluorescent  confocal 
microscopy  using  a  x4  lens.  The  imaging  analysis  revealed  in  situ  Cathepsin  activity  in 
diseased  prostates,  with  abundant  neo-angiogenesis  supplying  the  lesions  (Fig.  2). 

To  reveal  the  cellular  source  of  the  proteolytic  activity  in  the  lesions  we  prepared  single 
cell  suspensions  of  the  entire  diseased  prostates  by  limited  collagenase  digestion,  and 
separated  the  epithelial  from  the  leukocyte  cell  populations  using  percoll  gradient 
centrifugation.  Cell  surface  staining  and  FACS  analysis  revealed  CDllb+Grl+  cells  as 
the  cellular  source  of  the  Cathepsin  signal.  These  observations  suggest  that  stabilization 
of  P-catenin  and  initiation  of  prostate  cancer  coincide  with  local  inflammatory  reactions 
that  contribute  to  the  elevated  proteolytic  activity  of  the  tumor  micoenvironment. 

Task  3. 

To  test  the  hypothesis  that  P-catenin  induced  lesions  can  progress  to  carcinomas. 
The  cooperation  of  PTEN/Akt-1  pathway  with  p-Catenin. 

Lesions  produced  by  the  stabilization  of  p-catenin  in  the  prostate  are  preneoplastic  and 
non-invasive,  suggesting  that  additional  genetic  mutations  may  be  required  for  tumor 
progression.  PTEN  (Phosphatase  and  tensin  deleted  on  chromosome  10)  mutations  have 
been  frequently  associated  with  progression  in  prostate  cancer,  and  are  present  in  30%  of 
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primary  (11)  (12)  and  63%  of  metastati  prostate  cancers  (13).  In  mice,  prostate  specific 
loss  of  PTEN  predisposes  the  animals  to  metastatic  prostate  cancer  (14)  (15)  (16). 
Interestingly  genetic  deficiency  in  PTEN  in  humans  is  associated  with  at  least  two 
hereditary  Hamartoma  disorders,  Cowden's  syndrome  (CS)  and  Bannayan-Riley- 
Ruvalcaba  syndrome  (BRRS).  These  are  typically  diseases  of  inflammatory  nature  with 
predisposition  to  cancer.  It  was  therefore  postulated  that  deficiency  in  PTEN  may 
promote  malignant  progression  of  the  p-catenin  induced  PINs,  and  that  the  progressive 
tumors  would  have  an  inflammatory  nature.  To  test  this,  we  introduced  a  heterozygous 
PTEN  deficient  allele  in  PBCre  x  Catnb+/lox<ex3)  mice.  At  3  months  of  age  mice  containing 
all  three  mutations  harbored  invasive  prostate  cancer  with  a  strong  inflammatory 
component  (Fig.  3).  Imaging  of  the  mice  with  Cathepsin  activated  fluorescent  probes 
revealed  strong  proteolytic  activity  within  the  prostate.  Imaging  of  the  vasculature 
feeding  the  lesions  revealed  abnormally  expanded  and  thin  walled  vessels,  characteristic 
of  tumor  vasculature.  Rapid  leakage  of  the  imaging  probe  indicated  leakiness  of  the 
vessels,  which  is  also  characteristic  of  blood  vessels  in  advanced  tumors  (Fig.  4). 


Figure  3.  Progression  from  benign  PIN  in  PBCre  x  Catnb  k,x<cx3)  mice  to  invasive  carcinoma  in  PBCre  x 
Catnb  l/lox('x3)  x  PTEN  mice,  a)  typical  Pin  lesions  in  the  prostate  of  double  transgenic  mice  at  3  months 
of  age,  b)  and  c)  histologies  of  prostates  from  two  independent  PBCre  x  Catnb+/lox(ex3)  x  PTEN  mice  of  3 
months  of  age.  Note  absence  of  inflammation  in  (a)  but  profuse  inflammatory  infiltrates  in  (b)  and  (c). 
Thin  arrow  point  to  tumor,  thick  arrows  to  inflammatory  infiltrates. 
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These  observations  are  consistent  with  deregulation  of  P-catenin  in  primary  prostate 
cancer,  and  with  the  loss  of  PTEN  contributing  to  tumor  progression.  Furthermore  they 
implicate  inflammation  in  the  process  of  tumor  progression.  Recent  works  from  several 
laboratories  have  suggested  that  inflammation  may  play  a  determining  role  in  facilitating 
the  growth  and  progression  of  tumors.  In  transgenic  models  of  skin  cancer  inhibition  of 
proteolytic  activity  associated  with  tumor  infiltrating  pro-inflammatory  leukocytes,  or 
depletion  of  CD4+  T  cells  leads  to  significant  delay  and  suppression  of  tumorigenesis 
(17-19).  These  reports  implicate  host  inflammatory  responses  in  the  acceleration  of  tumor 
progression.  In  mouse  models  of  colon  cancer  CD4+CD25+  immune  suppressor  cells 
play  a  significant  role  in  slowing  down  the  growth  of  adenomas  (20,  21).  Our 


tumor 


blood  protease  activity  angiogenesis 

vessels 

Figure  4.  Imaging  of  prostatic  lesions  from  a  3  months  old  PBCre  x  Catnb+/k“(ei3^  x  PTEN  mouse. 

The  images  here  are  from  the  same  mouse  and  correspond  to  the  histology  shown  in  Figure  4b.  The 
mouse  was  injected  with  probes  for  imaging  cathepsin  activity  and  angiogenesis  and  mice  were 
imaged,  as  described  in  Figure  3.  Note  extensive  areas  with  Cathepsin  activity  and  distorted  image 
of  supplying  blood  vessels,  due  to  leakage  of  the  probe  from  the  vessels.  The  image  on  the  left  is  an 
overlapped  image  of  the  two  images  on  the  right.  Cathepsin  activity  is  pseudo-colored  as  green, 
and  blood  vessels  as  red. 

unpublished  results  suggest  that  this  may  be  due  to  the  suppression  of  innate 
inflammatory  responses  to  the  intestinal  lesions.  The  major  components  of  these 
inflammatory  reactions  are  macrophages,  neutrophils  and  mast  cells,  the  same  cells  seen 
to  infiltrate  prostatic  lesions  in  our  studies.  Altogether,  the  reports  and  our  unpublished 
observations  suggest  that  stabilization  of  P-catenin  and  the  cooperative  effect  of  PTEN 
lead  to  the  progressive  growth  of  invasive  prostate  cancer,  and  that  the  extent  of 
inflammation  in  the  lesions  may  be  predictive  of  the  advanced/malignant  nature  of  the 
lesion.  We  are  currently  testing  these  hypotheses  by  crossing  our  mice  to  Cathepsin-B 
deficient  mice,  as  well  as  by  manipulating  the  host  responses  to  the  tumors. 
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Key  research  accomplishments  (2004-2005). 

-  It  was  demonstrated  that  stabilization  of  P-catenin  in  the  prostate  secretory  epithelia,  is 
responsible  for  the  initiation  of  PIN. 

-  It  was  demonstrated  that  these  lesions  in  the  mouse  do  not  progress  to  malignancy  at 
least  with  the  first  1/3  life  span  of  the  mouse. 

-  Preliminary  observations  suggest  that  the  inability  of  the  above  lesions  to  progress  may 
be  related  to  the  genetic  integrity  of  aberrant  cells;  in  contrast  loss  of  APC  leads  to 
genetic  instability. 

-  Stabilization  of  p-catenin  was  linked  to  local  inflammatory  reactions. 

-  Malignant  progression  of  the  P-catenin  induced  lesions  was  achieved  by  introducing  a 
heterozygous  defect  in  PTEN. 

-  Tumor  progression  was  linked  with  increased  inflammation  and  local  proteolytic 
activity. 

Reportable  outcomes. 

The  first  year  focused  our  attention  on  improving  and  characterizing  the  animal  models, 
as  well  as  relating  our  observations  to  human  prostate  cancer.  In  the  second  year,  we 
established  the  benign  nature  of  transformation  by  P-catenin  and  addressed  the 
possibility  that  this  may  be  related  to  the  genetic  integrity  of  the  lesions.  We  provided 
evidence  for  the  cooperation  of  P-catenin  signaling  with  PTEN  deficiency  in  promoting 
malignant  progression  of  prostate  cancer.  Furthermore,  we  linked  tumor  progression 
with  local  inflammatory  reactions. 

Conclusions. 

Using  different  transgenic  mice  we  were  able  to  demonstrate  that  the  target  of 
transformation  by  P-catenin  in  the  prostate  is  the  secretory  epithelia.  We  have  provided 
evidence  for  the  benign  nature  of  transformation  by  p-catenin  and  the  conversion  of  this 
benign  phenotype  to  invasive  cancer  upon  heterozygous  loss  of  PTEN.  Local 
inflammatory  reactions  are  inherently  associated  with  and  contribute  to  the  local  tumor 
microenvironment,  suggesting  a  crosstalk  between  tumor  and  host  immune  response  that 
may  be  contributing  to  the  success  of  the  tumor. 

Future  work  will  focus  on  the  contribution  of  the  PTEN  mutation  to  tumor  progression, 
the  contribution  of  local  inflammatory  responses,  and  studies  of  downstream  targets  of 
P-catenin  in  the  prostate  physiology  and  cancer. 

References 

1.  Marten,  K.,  C.  Bremer,  K.  Khazaie,  C.H.  Tung,  and  R.  Weissleder.  2002.  Detection  of 
dysplastic  intestinal  adenomas  using  enzyme  sensing  molecular  beacons. 

Gastroenterololgy  in  press. 

2.  McNeal,  J.E.,  and  D.G.  Bostwick.  1986.  Intraductal  dysplasia:  a  premalignant  lesion  of 
the  prostate.  Hum  Pathol  17:64-71. 

3.  Abate-Shen,  C.,  and  M.M.  Shen.  2000.  Molecular  genetics  of  prostate  cancer.  Genes  Dev 
14:2410-2434. 

4.  Gounari,  F.,  S.  Signoretti,  R.  Bronson,  L.  Klein,  W.R.  Sellers,  J.  Kum,  A.  Siermann, 

M.M.  Taketo,  H.  von  Boehmer,  and  K.  Khazaie.  2002.  Stabilization  of  beta-catenin 
induces  lesions  reminiscent  of  prostatic  intraepithelial  neoplasia,  but  terminal  squamous 
transdifferentiation  of  other  secretory  epithelia.  Oncogene  21:4099-4107. 


9 


Annual  Report  DAMD17-03-1-0210 


K.  Khazaie,  April  2005 


5.  Di  Cristofano,  A.,  M.  De  Acetis,  A.  Koff,  C.  Cordon-Cardo,  and  P.P.  Pandolfi.  2001. 

Pten  and  p27KEPl  cooperate  in  prostate  cancer  tumor  suppression  in  the  mouse.  Nat 
Genet  27:222-224. 

6.  Sharma,  M.,  W.W.  Chuang,  and  Z.  Sun.  2002.  Phosphatidylinositol  3-kinase/ Akt 
stimulates  androgen  pathway  through  GSK3beta  inhibition  and  nuclear  beta-catenin 
accumulation.  J  Biol  Chem  277:30935-30941. 

7.  Yang,  F.,  X.  Li,  M.  Sharma,  C.Y.  Sasaki,  D.L.  Longo,  B.  Lim,  and  Z.  Sun.  2002.  Linking 
beta-catenin  to  androgen-signaling  pathway.  J  Biol  Chem  277:11336-11344. 

8.  Cleutjens,  K.B.,  H.A.  van  der  Korput,  C.C.  Ehren-van  Eekelen,  R. A.  Sikes,  C.  Fasciana, 
L.W.  Chung,  and  J.  Trapman.  1997.  A  6-kb  promoter  fragment  mimics  in  transgenic 
mice  the  prostate-specific  and  androgen-regulated  expression  of  the  endogenous  prostate- 
specific  antigen  gene  in  humans.  Mol  Endocrinol  1 1:1256-1265. 

9.  Abdulkadir,  S.A.,  J.A.  Magee,  T.J.  Peters,  Z.  Kaleem,  C.K.  Naughton,  P.A.  Humphrey, 
and  J.  Milbrandt.  2002.  Conditional  loss  of  Nkx3.1  in  adult  mice  induces  prostatic 
intraepithelial  neoplasia.  Mol  Cell  Biol  22:1495-1503. 

10.  Cleutjens,  K.B.,  H.A.  van  der  Korput,  C.C.  van  Eekelen,  H.C.  van  Rooij,  P.W.  Faber,  and 
J.  Trapman.  1997.  An  androgen  response  element  in  a  far  upstream  enhancer  region  is 
essential  for  high,  androgen-regulated  activity  of  the  prostate-specific  antigen  promoter. 
Mol  Endocrinol  11:148-161. 

11.  Dahia,  P.L.  2000.  PTEN,  a  unique  tumor  suppressor  gene.  Endocr  Relat  Cancer  7:1 15- 
129. 

12.  Sellers,  W.R.,  and  C.L.  Sawyers.  2002.  Somatic  Geneticsof  Prostate  Cancer:  Oncogenes 
and  Tumor  Suppressors.  Lippincott  Williams  &  Wilkins,  Philadelphia 

13.  Suzuki,  H.,  D.  Freije,  D.R.  Nusskem,  K.  Okami,  P.  Cairns,  D.  Sidransky,  W.B.  Isaacs, 
and  G.S.  Bova.  1998.  Interfocal  heterogeneity  of  PTEN/MMAC1  gene  alterations  in 
multiple  metastatic  prostate  cancer  tissues.  Cancer  Res  58:204-209. 

14.  Wang,  S.,  J.  Gao,  Q.  Lei,  N.  Rozengurt,  C.  Pritchard,  J.  Jiao,  G.V.  Thomas,  G.  Li,  P. 
Roy-Burman,  P.S.  Nelson,  X.  Liu,  and  H.  Wu.  2003.  Prostate-specific  deletion  of  the 
murine  Pten  tumor  suppressor  gene  leads  to  metastatic  prostate  cancer.  Cancer  Cell 
4:209-221. 

15.  Majumder,  P.K.,  P.G.  Febbo,  R.  Bikoff,  R.  Berger,  Q.  Xue,  L.M.  McMahon,  J.  Manola, 

J.  Brugarolas,  T.J.  McDonnell,  T.R.  Golub,  M.  Loda,  H.A.  Lane,  and  W.R.  Sellers.  2004. 
mTOR  inhibition  reverses  Akt-dependent  prostate  intraepithelial  neoplasia  through 
regulation  of  apoptotic  and  HIF-1 -dependent  pathways.  Nat  Med  10:594-601. 

16.  Sansal,  I.,  and  W.R.  Sellers.  2004.  The  biology  and  clinical  relevance  of  the  PTEN  tumor 
suppressor  pathway.  J  Clin  Oncol  22:2954-2963. 

17.  Daniel,  D.,  N.  Meyer-Morse,  E.K.  Bergsland,  K.  Dehne,  L.M.  Coussens,  and  D. 

Hanahan.  2003.  Immune  enhancement  of  skin  carcinogenesis  by  CD4+  T  cells.  J  Exp 
Med  197:1017-1028. 

18.  Coussens,  L.M.,  C.L.  Tinkle,  D.  Hanahan,  and  Z.  Werb.  2000.  MMP-9  supplied  by  bone 
marrow-derived  cells  contributes  to  skin  carcinogenesis.  Cell  103:481-490. 

19.  Coussens,  L.M.,  W.W.  Raymond,  G.  Bergers,  M.  Laig-Webster,  O.  Behrendtsen,  Z. 
Werb,  G.H.  Caughey,  and  D.  Hanahan.  1999.  Inflammatory  mast  cells  up-regulate 
angiogenesis  during  squamous  epithelial  carcinogenesis.  Genes  Dev  13:1382-1397. 

20.  Erdman,  S.E.,  T.  Poutahidis,  M.  Tomczak,  A.B.  Rogers,  K.  Cormier,  B.  Plank,  B.H. 
Horwitz,  and  J.G.  Fox.  2003.  CD4+  CD25+  regulatory  T  lymphocytes  inhibit  microbially 
induced  colon  cancer  in  Rag2-deficient  mice.  Am  J  Pathol  162:691-702. 

21.  Erdman,  S.E.,  V.P.  Rao,  T.  Poutahidis,  M.M.  Ihrig,  Z.  Ge,  Y.  Feng,  M.  Tomczak,  A.B. 
Rogers,  B.H.  Horwitz,  and  J.G.  Fox.  2003.  CD4(+)CD25(+)  regulatory  lymphocytes 
require  interleukin  10  to  interrupt  colon  carcinogenesis  in  mice.  Cancer  Res  63:6042- 
6050. 


10 


BIOGRAPHICAL  SKETCH 


NAME 

Khashayarsha  Khazaie 

POSITION  TITLE 

Assistant  Professor,  Ph.D.  D.Sc. 

EDUCATION 

DEGREE 

INSTITUTION  AND  LOCATION 

YEAR 

CONFERRED 

FIELD  OF  STUDY 

University  of  Surrey,  Guildford,  Surrey,  U.K. 

B.Sc. 

1978 

Medical  Biochemistry 

National  Institute  for  Medical  Research,  London,  U.K. 

PhD 

1982 

Genetics/Aging 

Rene  Descartes  University.  Paris  FR 

D.Sc. 

1998 

Tumor  Biology 

ACADEMIC  APPOINTMENTS 

2003-  Assistant  Professor  of  Immunology,  Molecular  Imaging/Radiology,  MGH,  Harvard  Medical  School. 
Boston,  MA 

1999-2003  Instructor  of  Pathology,  Harvard  Medical  School.  Boston,  MA 

1998- 1999  Visiting  Faculty,  University  of  Paris  V  Medical  School,  University  Rend  Descartes,  Paris,  France. 

1989-1998  Research  Group  Leader,  Division  of  Tumor  Immunology,  German  Cancer  Research  Center, 

Heidelberg,  Germany. 

HOSPITAL  APPOINTMENTS 

2002-  Senior  NRSA  Fellow  in  Cancer  Immunology,  Dana  Farber  Cancer  Institute. 

1999- 2003  Instructor,  Department  of  Cancer  Immunology  &  AIDS,  Dana-Farber  Cancer  Institute. 

1998-1999  Visiting  Senior  Scientist,  National  Institute  of  Science  and  Medicine  Research,  Department  of 

Medecine  Necker-Enfants  Malades,  Paris,  France. 

POSTDOCTORAL  TRAINING 

1987-1989  Research  Fellow,  Laboratory  of  Molecular  and  Cellular  Immunology  Department  of  Medicine 
Lyon,  France. 

1985-1987  Research  Fellow,  Differentiation  Program,  European  Molecular  Biology  Laboratory  Heidelberg, 
Germany. 

1982-1985  Research  Fellow,  Department  of  Gene  Structure  and  Expression,  National  Institute  for  Medical 
Research,  London,  U.K. 

Membership  of  Societies  and  Privileges: 

1998-  Mentoring  Privilege  (HDR),  Faculty  of  Medicine  Necker-Enfants  Malades,  University  of  Paris, 

France. 

2000-  Member  of  Harvard  Cancer  Center:  Cancer  Immunology,  Cancer  Imaging,  GI  Malignancies  Program. 

2004-  Member  of  German  Society  for  Immunology  (DGFI) 

2005-  Member  of  Committee  for  Immunology,  Harvard  Medical  School 

2005-  Active  Member  of  New  York  Academy  of  Sciences 

Adhoc  Reviewer: 

Cancer  Research,  Int  J  Cancer,  Tumor  Biology,  Oncogene,  Journal  of  Immunology,  International  Journal  of 
Immunology,  Iranian  Archives  of  Medicine. 

ORIGINAL  REPORTS: 

1)  Khazaie,  K.,  Buchanan,  J.,  and  Rosenberger,  R.  1984.  The  accuracy  of  Q|3  RNA  translation:  1.  Errors  during  the 

synthesis  of  proteins  by  intact  Escherichia  coli  cells.  Eur.  J.  of  Biochem.  144,  485-489. 

2)  Khazaie,  K.,  Buchanan,  J.,  and  Rosenberger,  R.  1984.  The  accuracy  of  QP  RNA  translation:  2.  Errors  during  the 

synthesis  of  proteins  by  cell  free  Escherichia  coli  extracts.  Eur.  J.  of  Biochem.  144,  491-495. 

3)  Kiousis,  D.,  Wilson,  F.,  Khazaie,  K.,  and  Grosveld,  F.  1986.  Differential  expression  of  human  globin  genes 
introduced  in  K562  cells.  EMBO  J.  4,  927-931. 

4)  Khazaie,  K.,  Gounari,  F.,  Antoniou,  M.,  de  Boer,  E.,  and  Grosveld,  F.  1986.  (3-globin  gene  promoter  generates  5' 
truncated  transcripts  in  the  embryonic/fetal  erythroid  environment.  Nucleic  Acids  Res.  18,  7199-7212. 

5)  Gounari,  F.,  Banks,  G.,  Khazaie,  K.,  Jeggo,  P.,  Holliday,  R.  1987.  Gene  reactivation:  a  tool  for  the  isolation  of 
mammalian  DNA  methylation  mutants.  Genes  and  Development  1,  899-912. 


6)  Khazaie,  K.,  Dull,  T.J.,  Graf,  T.,  Schlessinger,  J.,  Ullrich,  A.,  Beug,H.,  0.  Vennstrom,  B.  1988.  Truncation  of 
the  Human  EGF  Receptor  Leads  to  Differential  Transforming  Potentials  in  Primary  Avian  Fibroblasts  and 
Erythroblasts.  EMBO  J.  7,  3061-3071. 

7)  Fuerstenberg  S,  Beug  H,  Introna  M,  Khazaie  K,  Munoz  A,  Ness  S,  Nordstrom  K,  Sap  J,  Stanley  I,  Zenke  M, 
et  al.  Ectopic  expression  of  the  erythrocyte  band  3  anion  exchange  protein,  using  a  new  avian  retrovirus 
vector.  J  Virol.  1990  Dec;64(12):589 1-902. 

8)  Khazaie,  K.,  Panayotou,  G.,  Aguzzi,  A.,  Samarut,  J.,  Gazzolo,  L.,  Jurdic,  P.  1991.  EGF  promotes  in-vivo 
sarcomagenic  growth  of  early  passage  chicken  embryo  fibroblasts  expressing  v-myc  and  enhances  in-vitro 
transformation  by  the  v-erbA  oncogene.  Oncogene  6,  21-28. 

9)  Lichtner,  R.,  Wiedemuth,  M.,  Kittmann,  A.,  Ullrich,  A.,  Schirrmacher,  V.,  Khazaie,  K.  1992.  Ligand-induced 
activation  of  epidermal  growth  factor  receptor  in  intact  rat  mammary  adenocarcinoma  cells  without  detectable 
receptor  phosphorylation.  J.  of  Biological  Chem.  17,  11872-11880. 

10)  Khazaie,  K.,  Schirrmacher,  V.,  Lichtner,  R.  1993.  EGFR  in  Neoplasia  and  Metastasis.  Cancer  Metastasis 
Rev.  12,  255-274. 

11)  Kaufmann*,  A.,  Khazaie*,  K.,  Kittmann,  A.,  Wiedemuth,  M.,  Ullrich,  A.,  Schirrmacher,  V.,  Lichtner,  R.  (* 
equally  contributing).  1994.  Expression  of  EGFR  correlates  with  metastatic  potential  of  13762  Rat  Mammary 
Adenocarcinoma.  Int’l  J.  of  Oncology  4,  1149-1155. 

12)  Khazaie,  K.,  Prifti,  S.,  Beckhove,  P.,  Russel,  S.,  Collins,  M.,  Schirrmacher,  V.  1994.  Persistence  of  dormant 
tumor-cells  in  the  bone  marrow  of  tumor-cell-vaccinated  mice  correlates  with  long  term  immunological 
protection.  PNAS  USA  91,  7430-7434. 

13)  Chlichlia,  K.,  Moldenhauer,  G.,  Daniel,  P.,  Busslinger,  M.,  Gazzolo,  L.,  Schirrmacher,  V.,  Khazaie,  K.  1995. 
Immediate  effects  of  HTLV-1  Tax  function:  T-cell  activation  and  apoptosis.  Oncogene  10,  269-277. 

14)  Lichtner,  R.,  Kaufmann,  A.,  Kittmann,  A.,  Walter,  J.,  Williams,  L.,  Ullrich,  A.,  Schirrmacher,  V.,  Khazaie,  K. 
1995.  Ligand  induced  activation  of  ectopic  EGF  receptor  promotes  matrix  protein  adhesion  and  lung 
colonization  of  rat  mammary  adenocarcinoma  cells.  Oncogene  10,  1823-1832. 

15)  Jung  M,  Kramer  E,  Grzenkowski  M,  Tang  K,  Blakemore  W,  Aguzzi  A,  Khazaie  K,  Chlichlia  K,  von 

Blankenfeld  G,  Kettenmann  H,  et  al.  Lines  of  murine  oligodendroglial  precursor  cells  immortalized  by 

an  activated  neu  tyrosine  kinase  show  distinct  degrees  of  interaction  with  axons  in  vitro  and  in  vivo.  Eur  J 
Neurosci.  1995  Jun  1  ;7(6):  1245-65. 

16)  Kaufmann,  A.,  Lichtner,  R.,  A.,  Schirrmacher, V.,  Khazaie,  K.  1996.  Induction  of  apoptosis  by  EGF  receptor 
in  rat  mammary  adenocarcinoma  cells  coincides  with  enhanced  tumour  metastasis.  Oncogene  13,  2349-2358. 

17)  Chlichlia,  K.,  Busslinger,  M.,  Peter,  M.,  Walczak,  H.,  Krammer,  P.,  Schirrmacher,  V.,  Khazaie,  K.  1997.  ICE 
proteases  mediate  HTLV-1  tax-mediated  cell  death.  Oncogene  14,  2265-2272. 

18)  Rehberger,  S.,  Gounari,  F.,  Due  Dodon,  M.,  Chlichlia,  K.,  Gazzolo,  L.,  Schirrmacher,  V.,  Khazaie,  K.  1997. 
The  activation  domain  of  a  hormone  inducible  HTLV-1  Rex  protein  determines  colocalisation  with  the  nuclear 
pore.  Exper.  Cell  Res.  233,  363-371. 

19)  Kolettas,  E.,  Khazaie,  K.,  Rosenberger,  R.F.  1997.  Overexpression  of  the  human  c-erbB  (EGF  receptor) 
proto-oncogene  fails  to  alter  the  lifespan  or  promote  tumorigenic  growth  of  normal  and  SV40-transformed 
human  fibroblasts.  Int’l  J.  Oncol.  11,  1071-1080. 

20)  Kolettas,  E.,  Lymbouna,  M.,  Khazaie,  K.,  Luqmani,  Y.A.  1997.  Modulation  of  elongation  factor  1 -delta  by 
oncogenes  in  human  epithelial  cells.  Anti  Cancer  Res.  18  (1A),  385-392. 

21)  Genersch,  E.,  Schneider,  D.W.,  Sauer,  G  .,  Khazaie,  K.,  Schuppan,  D.,  Lichtner,  R.  1998.  Prevention  of  EGF- 
modulated  adhesion  of  tumor  cells  to  matrix  proteins  by  specific  EGF  receptor  inhibition.  Int.  J.  Cancer  75, 
205-209. 

22)  Haberkom,  U.,  Khazaie,  K.,  Morr,  I.,  Altmann,  A.,  Muller,  M.,  van  Kaick,  G.  1988.  Ganciclovir  uptake  in 
human  mammary  carcinoma  cells  expressing  Herpes  simplex  virus  thymidine  kinase.  Nuclear  Med.  and  Bio., 
25,  367-373. 

23)  King,  J.,  Bridger,  J.,  Lochelt,  M.,  Schulz,  T.,  Lichter,  P.,  Schirrmacher,  V.,  Khazaie,  K.  1998.  Nuclear- 
cytoplasmic  transport  of  HTLV-1  RNA  is  regulated  by  two  independent  RNA  nuclear  retention  elements. 
Oncogene,  16,  3309-3316. 

24)  Wyckoff,  J.B.,  Insel,  L.,  Khazaie,  K.,  Lichtner,  R.,  Condeelis,  J.S.,  Segall,  J.E.  1998  Suppression  of  ruffling  by 
the  EGF  receptor  in  chemotactic  cells.  Exper.  Cell  Res.  242,  100-109. 

25)  Los,  M.,  Khazaie,  K.,  Schulz-Osthof,  K.,  Bauerle,  P.,  Schirrmacher,  V.,  Chlichlia,  K.  1998.  HTLV-1  Tax 
mediated  apoptosis  of  activated  T-cells  requires  oxidative  stress.  J.  of  Immunology.  161:3050-3055. 

26)  King,  J.,  Bridger,  J.,  Gounari,  F.,  Schulz,  T.,  Lichter,  P.,  Schirrmacher,  V.,  Khazaie,  K.  1998.  MoMLV  encodes 
a  constitutive  RNA  export  function.  FEBS  Letters,  434(3),  367-371. 


27)  Muller,  M.,  Gounari,  F.,  Prifti,  S.,  Hacker,  H.,  Schirrmacher,  V.,  Khazaie,  K.  1998.  EblacZ  tumor 
dormancy  in  the  bone  marrow  and  lymph  nodes:  active  control  of  proliferating  tumor  cells  by  CD8+  immune 
T-cells.  Cancer  Res,  58:  5439-5446.. 

28)  Wittmer  A,  Khazaie  K.,  Berger  MR.  Quantitative  detection  of  lac-Z-transfected  CC531  colon  carcinoma 
cells  in  an  orthotopic  rat  liver  metastasis  model.  Clin  Exp  Metastasis.  1999  Jul;  17(5):369-376. 

29)  Li-Weber,  M.,  Giasi,  M.,  Chlichlia,  K.,  Khazaie,  K.,  Krammer,  P.H.  2001  Human  T  cell  leukemia  virus 
type  I  Tax  enhances  IL-4  gene  expression  in  T  cells.  Eur.  J.  Immunol.  31:  2623-2632. 

30)  Gounari,  F.,  Aifantis,  I.,  Khazaie,  K.,  Hoeflinger,  S.,  Harada,  N.,  Taketo,  M.M.,  von  Boehmer,  H.  2001 
Somatic  activation  of  P-catenin  bypasses  pre-TCR  signaling  and  TCR  selection  in  thymocyte  devopment. 
Nature  Immunology  2:  863  -  869. 

31)  Marten,  K.,  Bremer,  C.,  Khazaie,  K.,  Hsuan-Tung,  C.,  Weissleder,  R.  2002  Detection  of  dysplastic 
intestinal  adenomas  using  enzyme  sensing  molecular  beacons.  Gastroenterology  122:  406-414. 

32)  Miyoshi,  K.,  .Shillingford,  J.,  Le  Provost,  F.,  Gounari,  F.,  von  Boehmer,  H.,  Taketo,  M.  M., 
Hennighausen  L.,  and  Khazaie,  K.  2002  Somatic  activation  of  P-catenin  in  differentiated  mammary 
secretory  cells  induces  transdifferentiation  and  squamous  metaplasias.  Proc.  Natl.  Acad.  Sci.  USA  99:  219- 
224. 

33)  Gounari,  F.,  Signoretti,  S.,  Bronson,  R.,  Klein,  L.,  Kum,  J.,  Sellers,  W.R.  Siermann,  A.,  Taketo,  M.  M.,  von 
Boehmer,  H.,  Khazaie,  K.  2002  Stabilization  of  P-catenin  induces  prostatic  intraepithelial  neoplasia,  but 
terminal  squamous  transdifferentiation  of  other  secretroy  epithelia.  Oncogene  Jun  13;21(26):4099-107. 

34)  Klein,  L.,  Trautman,  L.,  Psarras,  S.,  Sierman,  A.,  Liblau,  R.,  von  Boehmer,  H.,  Khazaie,  K.  2003  Visualizing 
the  course  of  antigen  specific  CD8  and  CD4  T  cell  responses  to  a  growing  tumor.  European  Journal  of 
Immunology.  33:  806-814. 

35)  Klein,  L.,  Khazaie,  K.,  von  Boehmer,  H.  2003  In  vivo  dynamics  of  antigen-specific  regulatory  T  cells  not 
predicted  from  behavior  in  vitro.  Proc  Natl  Acad  Sci  USA.  2003  Jul  22;100(15):8886-91. 

36)  Psarras,  S.,  Karagianni,  N.,  Kellendonk,  C.,  Tronche,  F.,  Cosset,  F.  L.,  Stocking,  C.,  Schirrmacher,  V.,  von 
Boehmer,  H.,  Khazaie,  K.  2004  Gene  transfer  and  genetic  modification  of  ES  cells  by  Cre  and  Cre-PR 
expressing  MESV  based  retroviral  vectors.  Journal  of  Gene  Medicine.  6:  32-42. 

37)  Fuvonic,  M.,  Alencar,  H.,  Su,  H.,  Khazaie,  K,  Weissleder,  R.,  Mahmood,  U.  2003  Miniaturized  multichannel 
NIR  endoscopy  for  mouse  imaging.  Molecular  Imaging  Oct;2(4):350-7. 

38)  Mei-Ling  Chen,  Mikael  J.  Pittet,  Ralph  Weissleder,  Harald  von  Boehmer,  Khashayarsha  Khazaie.  2004 
Regulatory  T  cells  suppress  cytotoxic  CD8  T  cell  function  through  TGF-b  signals  in  vivo.  Proc.  Natl  Acad.  Sci. 
USA,  102:  (2)  419-424. 

39)  Karagianni,  N.,  Ly,  M.-C.,  Psarras,  S.,  Chlichlia,  K.,  Schirrmacher,  V.,  H.,  Gounari,  F.,  Khazaie,  K.  2005. 
Novel  adenomatous  polyposis  coli  gene  promoter  is  located  40  kb  upstream  of  the  initiating  methionine. 
Genomics,  2005  Feb;85(2):231-7. 

40)  Bridger  JM,  Kalla  C,  Wodrich  H,  Weitz  S,  King  JA,  Khazaie  K,  Krausslich  HG,  Lichter  P.  Nuclear  RNAs 
confined  to  a  reticular  compartment  between  chromosome  territories.  Exp  Cell  Res.  2005  Jan  15;302(2):  180- 
93. 

41)  K.  Wei-Tsung  Chen,  Khazaie,  K.,  Zhang,  G.,  Weissleder,  R.,  Tung,  C.H.  2004  Detection  of  dysplastic 
intestinal  adenomas  using  a  near-infrared  fluorescence  folate-targeted  probe.  Molecualr  Imaging  (in  press). 

42)  Gounari,  F.,  Chang,  R.,  Cowan,  J.,  Guo,  Z,  Dose,  M.  ,  Gounaris,  E.,  Khazaie,  K.  2005  Loss  of  the 
Adenomatous-Polyposis-Coli  gene  function  disrupts  thymic  development,  (submitted) 

Reviews,  Chapters,  and  Editorials, 

Vennstrom,  B.,  Beug„  H.,  Forrest,  D.,  Johnson,  A.,  Khazaie,  K.,  Munoz,  A.,  Sap.,  Ullrich,  A.,  Zenke,  M. 
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Signals  in  Mammalian  Development ,  Edited  by  S.W.  de  Laat  et  al.,  Springer-Verlag  Berlin  Heidelberg. 

Zenke,  M.,  Khazaie,  K.,  Beug,  H.  1990.  V-myc  transformed  macrophages  expressing  the  normal  human 
EGF  receptor  are  induced  to  proliferate  by  EGF  via  a  nonautocrine  mechanism.  In  Molecular  Biology  of 
Hematopoiesis ,  Edited  by  L.  Sachs,  N.G.  Abraham,  C.J.  Wiedermann,  A.S.  Levine,  G.  Konwalinka,  pp  453-467. 
Intercept,  Andover,  Hampshire,  Great  Britain. 

Khazaie,  K.  1996.  The  role  of  EGF  receptor  in  the  initiation  and  progression  of  malignancy.  In  EGF 
Receptor  In  Tumor  Growth  And  Progression ,  Edited  by  R.  Lichtner  and  T.  Harkins,  pp.  166-180,  Springer-Verlag 
Heidelberg. 

Chlichlia,  K.,  Los,  M.,  Schulze-Osthoff,  L.,  Gazzolo,  L.,  Schirrmacher,  V.,  Khazaie,  K.  2002.  Redox 
events  in  HTLV-I  Tax-induced  apoptotic  T-cell  death.  Antioxidants  and  Redox  Signaling  (ARS).  Vol.  4,  Nr.  3, 
471-477. 

Cassens,  U.,  Lewinski,  G.,  Samraj,  A.K.,  von  Bemuth,  H.,  Baust,  H.,  Khazaie,  K.  and  Los,  M.  2002.  Viral 
Modulation  of  Cell  Death  by  Inhibition  of  Caspases.  .  Arch.  Immunol.  Ther.  Exp.,  51,  19-27. 


Research  projects  completed  or  ongoing  in  the  last  three  years  (PI:  K.  Khazaie) 

Ongoing  Research  Support  (PI:  K.  Khazaie) 

Idea  Award.  May  2002  -  May  2005 

DAMD 17-02- 1-0361,  Department  of  Defense  Breast  Cancer  Research  Program, 

Title:  Cancer  Immunology  in  an  inducible  model  of  breast  cancer. 

Major  goals:  To  develop  an  animal  model  of  inducible  mammary  cancer,  and  to  use  this  model  to  study  antigen 
specific  immune  responses  against  the  mammary  gland  and  mammary  tumors. 

Idea  Award.  2003-2006 

DAMD 17-03- 1-02 10,  Department  of  Defense  Prostate  Cancer  Research  Program, 

Title:  Initiating  events  in  prostate  cancer:  The  role  of  somatic  activation  of  P-catenin. 

Major  goals:  To  evaluate  the  stabilization  of  p-catenin  as  an  initiating  event  in  prostate  cancer. 

Claudia  Adams  Barr  Program  in  Cancer  Research.  Boston,  MA.  2004-2006 

Dana  Farber  Cancer  Institute 

Title:  Mast  cells  and  orchestration  of  local  inflammatory  reactions  in  colon  cancer. 

Major  goals:  To  investigate  the  cross-talk  between  tumor  epithelium  and  infiltrating  mast  cells. 

RO 1  -CA 1 04547-0 1 A 1  2004-2009 

Title:  Imaging  Proteolytic  Activity  in  Colon  Cancer 

Major  goals:  Image  proteolytic  activity  in  animal  models  of  colon  cancer,  and  apply  imaging  to  detection  of  tumor 
status  and  biological  response. 

Completed  Research  Support 

Senior  National  Research  Council  Award  Jan  2003  -  Aug  2004 

National  Cancer  Institute 
(Salary  Support  only) 

Inter-programmatic  Research  Award.  2002-2004 

Dana  Farber  Cancer  Institute/Harvard  Cancer  Center 

Title:  An  animal  model  for  investigating  immunosurveillance  and  immunotherapy  in  prostate  cancer. 

Major  goals:  To  develop  an  animal  model  of  prostate  cancer  based  on  the  prostate  specific  activation  of  the  APC/p- 
catenin  pathway,  and  to  use  this  model  to  study  antigen  specific  immune  responses  against  the  prostate. 


National  Colorectal  Cancer  Research  Alliance.  (Award)  200 1 

Entertainment  Industry 

Title:  An  Animal  Model  for  Designing  Targeted  Immune  Intervention  in  Colon  Cancer. 

Major  goals:  To  Investigate  antigen  specific  immune  responses  in  the  healthy  and  neoplastic  mouse  intestine. 

Hershey  Prostate  Cancer/Survivors  Walk.  (Award)  2001 

Beth  Israel  Hospital 

Title:  somatic  activation  of  P-catenin  reveals  a  critical  event  in  the  initiation  of  prostate  cancer. 

Major  goals:  To  Investigate  the  role  of  p-catenin  in  prostate  cancer. 


Applied  for 

ROl-CAl  12348-01  re-submitted  in  Nov  2004 

Title:  Inflammation  in  Colon  Cancer:  A  Cause  or  consequence? 

Major  goals:  Define  the  role  of  innate  immune  response  in  the  initiation  of  polyposis  and  in  progression  of  invasive 
carcinomoma. 


